00 P1 | 5A
A6 1

. gzzk__ f:—k, c=-k-2 |:5tEll"E‘d
o> 1 =5k +k+2

o (real r=) 5k +k+2>0

-_1 ﬁ:l—"-i:{]:—ag

> minimum t.p. so radius exists for all k.

00P2 | 4C,3C, 2C
A2 .

. midpoint = (-1, 5)
2 _ 91
* Mpg = 113
< m = —%
4 ;
* y-5=-3(x-(-D) aps: x+ 2y=9
o yc =4 stated
*°  radius=5 or equiv. stated

o (x=1P+(y-4f =25

L ] y:'g
«  T=(-9,9)

01P1 | 4B, 3B, 3A
QL | a1 rp=+164+25-9 =32 = 4.2
o2 ptrg = 402 +242 =642

o Cp=(45)

. CpCp = V62 +6% =642 and "so touch”

. m, =-1

o0 mtgr =+1

7 y1=1(x+4) ans: y =x+5
of X2 4(x+5)7-8x-10(x+5)+9=0
o 247 _8x-16=0

o0 4y -24+2.3

01P2 | 1C,4C, 1C, 2B
Q7 1

. x=7

«>  midpoint =(5,4)

(]
|2

. Hlac =

pafia

mJ_:—

5 3.
* y-4=-3-5) ans: 3x+2y =23




. x=7, y=1

o x-D+y-17
o -7 +y-17=26

02 P1
Q1

o C=(-1D1
Py :%
© My =-F

* y-3=-3(x-2) ans: 2y+3x=12

7.0A

02 P1

4C, 2B

* pcentre=(-2,5)

** m=2 and complete
OR
o7 P sox-5=2x-1
(x=2)" =0
= equal roots so tgtatx =2

5.(JA
N)
02 P2

7A, 2A

© y=k-2x stated
o P4 (k-22)7? —2x-4=0

o 5 _(2+4k)x+ (K -4)=0

*=  discriminant =0 stated
o> (2+4k) -4x5x(k* -4)=0

o° _4k% +16k+84=0

o k=7

o 5x7 _30x+45=0

« (3,1

03 P1
Q11

5C, 2A




o 0A=13
o g =5
o B=(24,0)
0 (x-24)+y7 =64
© p=Z
o g=-24
03P2 | 5C, 6B
Q4 o W32
o B3 +4x-3
o :%H =4 gradient stated
o Yeg =2
o y-2=4(x-1)
of y=4x-2

o 2 +(4x—2) —12x-10(4x—-2)+44 =0
o 172" —68x+68 =0

o 17(x-2)(x-2)=0

*" equal roots = tangent

»' ptof contact =(2,6)

04P2 | 4C,5C, 2C
Q8 o A61)
e m, =2 STATED

o yil= —%tr — 5) and complete

¢ r=3-2

¢ (3-2) +97+10(3-2y)+ 2y +6=0
o 5y —30y+45=0

¢  solve and get double root = tangent

¢ 5(y- :-:)2 =0

o Q=(-33)
o' PQ:J&;[J

o (3-2yf +y" —12(3—2)—2y+32=0
o Sy+1)°=0
o double root = tangent

o r=3-2y=3-2x(-1)=5




¢ use diseriminant,and get zero = tangent

o' B —dac = [-:-.:[1}? —4545=10

o'  BP =10 units, BQ = radius = ‘\I{E units
o' by Pythagoras PQ = NEY

. y = _[3 - .:r')

o (2 +(3(3- <)) +10(z) + 2(2(3-2))+6=0
o 51 +30r+45=0

o 5r+37=10

. double root = tangency

-2 =

or b -4ac =900- 4.5.45 = fangency

OR
o' centre B=(-5—1)
o diam:y+1=2r+5)
o 2r4+9= 31

&
o Q=(-3.3)
o check:9+0-30+6+L6=10

05P1 | 3C,2C

Q2 o' centre A =(-3.-2)
o centre B = (3,6)

o P=(02)

OR
o AB=10
05P1 | 1C,5A
Q11 y=2r= m = 2and m_, =—+
o (z-tP+(y-0) =2 o' equof radius is x4+ 2y=1
fe r—1t= -2y
o (z-tP+(2z) =14 o’ [—2?;)? +yi=4
o 51 —r+4t —4=10 ) 5
! "B dac" =0 * VT E
o a=5b=-2c=t"-1 ¢ rolyma— b
o A 20(t —4) =0 B 3
and t=v'(5 o i’-‘=3?"'2.¥:‘f="’€

OR

05 P2 | 4C, 4C, 4C
Q3




o my, =1
 m = =1
o' midpoint =(3,2)

 y—2==1lz—3) ===

5 1
® i =—=I.....
Y ]
fi 1
e m, =—=
gt ]
. ! —
m 3

o' r=2 y=3 . D=(3.6) where D is intersection of the
ol (-2 +(y-37=1r" perp. to AB through B and the circle.
22 P =10 OR o' € = midpoint of AD = (2.3)

06 P1 | 2C, 4C

Q2 (e—a)’+(y—bf =r
o (-(-2)+(y-3
o =18

o Q=(-50)
m

=1 stated or implied

diammetar

e m =-1
Langant

o y-0= —[.:r:—{—ﬁ})
For answers of the form 2° + 4" + 2gz + 2fy + =0

. 122—-?;2—-4.1’:—ﬁ'y-—:’.'=[]

o oc=-5

06 P2 | 5C

Q4 1 .
o C =(34)
o k=6
o R =5
o R = \,"I{—:-I}z +(—=4)* —(=12) orequivalent
.’ JI-IT =5 or "2nd circle"
OR
o ' +y’—6Gr—By+25=125
o k=6

o R, = \}‘{—3}2 +(—4)* =(=12) orequivalent

07P1 | 5C




QB | B=(78
o =T +8-T7=6
faIEd
g
o r =
armade 3
- D=(15.2)
o' (z—15) +(y—8)=2"
07 P2 | 6C
Q3 o m._ =-2
o ' +(6—22) +6x—46—22)—T=0 ) ' ]
o> . 36-24r+40>  —24+5z © (=32 and o
o 5z’ —10x+5=0 .’ equ. of radius:y—2=2L(zx+ 3)
o (@17 =0 ¢ 2=
o’ equal roota = line iz tanzent o y=4
o =1 y=4 OR o’ check that i1,4) lies on the circle
alternatives for «* and o
o' b* —dac =0= tangent
o (=10 —4x5x5=0
e° use quad. formula to get roots
o’ equal roota = line iz tanzent
08 P2 | 2C, 4C/B, 5B
Q4 o (—4,-2)
. V58 (= 7.6)
o’ (4.6) and V26 (=5.1) s /i e* and o
. d_. =+128 accept 113
o’ V55 + 426 accept 12.7
o’ compare 12.7 and 11.3 alt. for o to e :
o 4+ (d—z) + ... o 4—p)+...
o 2" +16—8r+2° +... o g — 8y +168+¢ +...
o’ 2" —4r—6=0 of y —By+5=0
10 11 10 11
L] L] L L]
o’ z 3 —1 B y| 1 5
o y 1 5 o T 3 —1
09 P2 | 1C,5C, 4A

Q4




. (5+1)° +(10-2)* =100

. centre=(-12)
3
¢ 0=(-7.-6)
8
4
L] m = —
rad 6
5 3
o:‘ P
My p
6
S Yo (O =-2(x-(-7)
o radius = 20
o centre = (5.10)

. (x-5)* + (¥ -10)* =400
(x +19)% + (¥ +22)* = 400

(no evidence requ.)

s/iby-*

Alternative for ¢, «° and -*°

s/iby-"or "

s/iby"’ 8

centre = (—19,-22)

sfiby-"

< (x 4197 +(y+22)F =400

A =5 #(y-10)" =400

10 P2
Q3

substitute

express in standard form
start proof

complete proof

coordinates of P

: via centre and radius

state centre of larger circle

find radius of larger circle

find radius of smaller circle
strategy for finding centre
interpret centre of smaller circle

state equabion

: via rabios

state centre of larger circle
strategy for finding centre
state centre of smaller circle
strategy for finding radius
find radius of smaller circle

state equabion

1

o 2 +(3—x)*+14x+4(3-x)-19=0

Method 1 : Factorising

o 20 +4xr+2

o Ax+n)(x+1)[ 0

see note 1

*" equal roots so line is a tangent

Method 2 : Discriminant

of 27 44x42=0

o 474w 2x2

4 2 S
" b —dac=0so line is a tangent

stated

o r=-1, =4
Method 1: via centre and radius

° (=7,-2)  seenole 11

o W72 see note 6 stated
" J-?_s see note 7

**  eg "Stepping out”

.'l.l:l |:].|. h}

11

o' (=1 +(y-6) =8

or x4y —2v—12y+29=0
Method 2 : via ratios

o (=7, —2) see note
*" e.g. "Stepping out”
" (1,6)
ol0 -\l'r.!‘_-i

o' (x=1Y+(y-6) =8

see note




11P2 | state centre of C, o (-1, 1)
Q7 state radius of C, 11 Do not accept ﬁ
state centre of C, ¥ (2,-3)
find radius of C, in terms of p o 'JH—_F’ Accept ¢ in lieu of p
interpret upper bound for p ¢ p<l3
find distance between centres (d) o 5 stated explicitly
identify relevant relationship o7 'jH—_F’ <6 or r,+d<1l or r,<6
develop relationship by squaring ¢ 13-p<36
find lower bound for p ¢ p>-23
12 P2 Substituting for y
o2 rearrange linear equation o y=2x+5 stated, or implied by «*
substitute into circle o L (2x+5)...-2(2x+5)...
express in standard form © 52 +10x-15 } =0 must appear at the o
start to solve ' eg 5(x+3)(x-1) or ' stage togain *’.
state roots > x=-3 and x=1
determine corresponding y-coord * y=-land y=7
Substituting for x
o r= L ;5 stated, or implied by o’
C 3
. 5‘_”] ...—E{E
. 2 . 2 A
© 5y"-30y-35 }=Dmu3tappea.ratﬂle o
o' eg. Sy+1)(y-7) | or e stage to gain *”.
 y=-1and y=7
o x=-3 and x=1
centre of original circle (3,1
radius of original circle o 40 Accept r* = 40
Method 1 : Using midpoint Method 1 : Using midpoint
+* s5 midpoint of chord o (-1, 3)
»"" ss evidence for finding new centre " ¢.g. stepping out or midpoint formula
' ic centre of new circle o' (=5, 5)
" ic equation of new circle o (x+5) +(y-5) =40
Method 2 : Stepping out using P and Q Method 2 : Stepping out using P and Q
+ ss evidenceof C,toPor C, toQ & eg. stepping out or vector approach
o' 55 evidenceof QtoC,or PtoC, ' eg. stepping out or vector approach
' ic centre of new circle o' (=5, 5)
" ic equation of new circle o (x+5) +(y-5) =40
332; | state centre o' (-1,-2)
find radius o 32




state M cpgent
state equation of tangent

find radius

state equation of circle

expand and complete

substitute y =5 —x
(orx=5-y)

express in standard
quadratic form

start proof

complete proof

. y—2=-1(x-3)

»° /8  stated or implied by »’

7 (-107+@y+1?=(V8)’

o X1-20x+100+)+2y+1=8
and complete

Accept
29 =—20, 2f =2 | Centre (10,—1)

g=-10,f =1 g=-10, f =1

e (Centre (10,—1) 2g=-20, 2f =2

o r=(-102+12-93=48

o’ x-"'ﬁ = Zx-"ﬁ
i x 32 = zl x 24/8 = V8 = radius of Cs
Method 1
Substituting for y

o x24(5—x)%2—20x+2(5—x)+93

o 2x2 _ 32y 1128=0

o' 2(x—8)2=0 o' (—32)2-4x2x128

ol equal roots o2 B 4ac=0
= tangent — tangent
or

Substituting for x

o (5—y)24+y2—20(5—y)+2y+93=0

o 2y2 +12y+18=0

el 122 _4x2x18

o B’ _4ac=0
— tangent

o 2(y+3)2 =0
-uequal roots
= tangent




Aleihod 2

uses perpendicular gradients o m given line = —1, leading to m,.;4;,c = 1
find equation of radius o1l y+1=1(x—10)
starts proof ol y=—x+45
y=x-—11
= x=23
V= —3
completes proof o (8) +(—3)*—20x(8) +2(—3) +93
and complete
14 P1 . _ 1, o
Q23 substitute 3x — 5 o x*+(3x—5)*+2x—4(3x—5)—-15=0
express in standard o' 10x% —40x+30=0
quadratic form
tind x-coordimates o x=1| x=3
tind y-coordinates o y= —2‘ v=4
3 4
) L ] L ]
state centre o (—1.2
. o m=-2.m= !
calculate gradients 2
communicate result o' demonstrates
1
my Xy =—2x—=-1
= PT 1s perpendicular to QT
[or other appropriate statement]
knows to find and states centre o centre (2. 1)
calculate radius o’ radius =+/10
state equation of circle o x—-2)2+(y—-1)2=10
ggPZ correct values ol g=-p f=-2p c=3p+2

substitute and rearrange

knowing condition

factorise and solve

correct rangc

. ipj—Sp—l
. g+ fl—e>0

. (5p+2)(p-1)=0=p=——.p=1

Lh | [ ]

2
. p-ﬁ:-;p}'l




Pre 2000 - Basic/General Equation

1 o =25 stated or implied by o2
d e (y-af =2

2
d12)
o (412 +(5-2F orequiv.

. (J:—l)2+(!,«—2}2 =18 orequiv.

o radiusg =2

=" centreyg =(2,2)

*” centreg =(10,6)

o (x=10 +(y-6)] =4

use P as midpoint of C;Cy
* G=(52)

©  Cy=(13,4)

" radius=+17

o (x-13P +(y-4) =17

5 o' strake.g. origin to centre - radius
*"  centre =(4,3)

+  radius=2 units

* origin to centre =5 units

" 45m

6 o' centreof body =(5,6)
& radius of body = 4

*"  radius of head = 3

o' centre of head = (5,13)
¢ (@-5%4(y-13)"=9

@ ' B(8,8)
o7 F (14,12)
. C(%,?]

(© o LlaDF+1aDE+)inEF
- %nﬂf=%n\fﬁ OR %—IEEF=2E\‘FE

. %ﬂ: 1B+ln 13 + 213




Pre 2000 - Using r = V(g® + f* —¢)

1

ol gz+f2-c=-1%-

o = Jq% which is not possible

ol gz+f2-.~:>0

@ =914

o c<l3

Pre 2000 - Using Perpendicular Bisectors to find the centre

1

@ o mpc=-1

= m =3
2 midpeintac = (3.3)
S

b & y-3x=-11
o perp. bisector passes thr' centre stated explicitly
o using y—3x=-11 and y+2x=4
¢ 3,-2)
o r2 =25

0 -3+’ =25

Pre 2000 - Touching Circles and Distance between Circles

1

(a) * centre (0, 3}

centre (14, 10)

distance between centres = V245

" radius=3

**  radius=10

*"  strategy (clearance = distance between
centres minus sum of radii)

424513

*” 133 mm or equivalent

® * mpp=1
RU Mac =1
' y-3=—(x-7) for AC
12 strategy: substitute
" substi tuting correctly
o e 25 —28x+96 =0
o x=6, 8 (or y=2,4)
R

(6,4) and (8,2)

Pre 2000 - Intersection of Lines and Circles

1

ol x2+xz-6x—2x—24=(}

) OR
o (x+2)x-6)=0

. (~2,-2) and (6,6)

. centre is (2, 2)

¢ radiusis 32 or equivalent

f (-2 (y-2) =32




(a) 01

B &°

know to substitute
correct substitution
a “quadratic” = 0
x==31

y=-5 3

Myiameter = 2

1
mPGTF'EIIdiﬂ]]ar =3
centre = (-1, -1)

equation: y+1:--}{x+1)

Pre 2000 - Tangency

1

1

2
3

i (x-k) =18
o 207 kx4 K —18=0

o shrak “ﬁz—dac"-ﬂ

o 2nP-a2{K - 18)

5

" k=46

L] !r-.ﬂ

s aketch with point of conP =(3,-1) 1
**  Centre C=(3,¥) .
O ot =cpt .

7 rading=5 .
¢ (-3 +y —4}2 =75

OR ° (e=3) 2y -k)*=r" OrR ' si;eh:l-;wiﬂnpuimtnfmn_p=[a,-1}
1‘2_&2‘9 ¥ ey +2grefy+esD
[£=31 +(-1=kF =" has ‘=" roots ¢ D0 =c=0
reduce to x° —6x+{2k +1) ¢ (B0 g==3
ked P | )
2 z T, .2
- (x-3) -t{_u-d.} =15 + 3 sy -Gx=By=0

centre = (4,-1)

inner radius =5
(x-4)% +(y +1)* =25
completing argument

e.g. x=%y—3
(%y—3)2+y2—8(%y—3]+2y—8=0
%y2—8y+9+y2r%y+24+2y—3
y2—6y+9=0

eg. (y=3)fy-3)=0

equal roots = line is a tangent

(1,3)




(a) ! Stratcgy: know to find m

. m:%

. y+46=-%(x—3)

® 4 :nf2 + y2 =900 or equivalent

(@ +*  Strategy: know to substitute

RS +(%x—50]2 =900

. (x - 24)2 or evaluate the discriminant

*"  communication relating to tangency
" (24,-18)

Pre 2000 - Equations of Tangents

1
o centre= (1,1) o centre= (1,1) j
¢ M=}, -2 OR & =5, d=410
@ g =2, 1 *  Show ACB=90" _
o 2 x le-1stgtsare o +*  State tangents L to radii X A1)
2 o' Centre = (3,-2)
R 4
3
D mge2
o y—Z:—%{x—S}
3 o' centre = (-1,2)
? Miradius = ',I*_'
o Mipgp = 2
o y—4=-2(x-3)
4 o' stratuse centre and tgt L radius
& centre= (2,-3)
o Myndiye = &
* =}
¢ y-1=-1(x-3)
5 o' strat: ie find AC then AB
o centre=(2,2) and radius=>5
Z Ac=10
o' AB=+75 units
> area =%-ﬁ square units




Mixed Questions

1 @ * centre = (=3,-2)
2 M =.%
13 mfgf = —2
oy D=-2x-(-D)
® « B=(0,-3)
©@ W c=(-2,1)
@ J 2.5
& (x+1)? +[1,.r+1}2 =5
2
o! radius of inner circle = %
.2 centres are (ﬂ, -1 %] and (0,-2)
3 circumferences are 3x and4dn
ot e.8. 'r.gt2 = 42 E 22
O igt=+12
&£ a9
3 @ o m=2
.2 mr = —-é-
. y+1=—3(x-4)
® o (x-aP(y+1)P =
o (x4l +(2x+7) =17
& B 1 20x4(65-r1)=0
o/ A=400-4x5(65-r2)=0
B2 s




(@) o y=2x
02 Y= :sz
o Jc2 + yz =5
(b) 04 y= 2x—4
05 Y= —2;);2
centre= (2,0)
o [x—2)2+yz=5
(© ¢ show (2,0) satisfies y=2x—4
P 2x—g=-2¢*
0 (x+2)x-1)=0
1 (-2,-8), (1,-2)
(a) -1 % = % x
choose 1 peint eg. (3,7)
2
- pﬂrﬂbﬂ!ﬂ: mrgl =3 = %
«®  circle centre = (0,5)
o circle: Myad x=3 =%, Mgt x=3 =._%
5
© (migpy x=3) % (Mguoy x=3)= —1
s0 “curves orthogonal”
+*  deal totally with other point
® 7 y=7=35(x+3)
b circle centre = [l],‘[l%
J o Selz
10




